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(57) ABSTRACT

A hydraulic reservoir includes a container having an internal
volume, an internal wall dividing the internal volume of the
container mto a first section and a second section for sepa-
rately containing the hydraulic fluid, and two one-way valves.
The first one-way valve allows the hydraulic fluid to be drawn
out of the first section of the hydraulic reservoir and substan-
tially prevents a flow of the hydraulic fluid back into the first
section. The second one-way valve allows the hydraulic fluid
to be returned to the second section of the hydraulic reservoir
and substantially prevents a tlow of the hydraulic fluid out of
the second section. A cooling/filtering loop may connect the
second section and the first section such that the used fluid 1n
the second section may be processed and returned to the first
section 1n a substantially unused condition.

15 Claims, 6 Drawing Sheets
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HYDRAULIC RESERVOIR FOR HYDRAULIC
REGENERATIVE CIRCUIT

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

Not applicable.

STAITEMENT OF FEDERALLY SPONSORED
RESEARCH OR DEVELOPMEN'T

Not applicable.

BACKGROUND OF THE

INVENTION

This invention relates to a hydraulic system. In particular,
this invention relates to a hydraulic reservoir for connection to
a hydraulic regenerative circuit.

Many miming machines or earth moving equipment utilize
hydraulics to actuate movement of their components. During,
their operation, such machines may have pumps that draw
hydraulic fluids 1into a cylinder to actuate a piston contained
therein. Given the mass of the components driven by the
expansion and/or retraction of the piston within the cylinder,
great amounts of energy may be expended performing even
the simplest movements, such as the raising and lowering of
components.

Hydraulic regenerative circuits have been developed to
recapture some of the energy on the return path of stroke. See
e.g., U.S. Pat. Nos. 5,046,309; 6,438,951; and 7,562,615.
Typically, as the hydraulic flmd 1s evacuated from the cylin-
der, the energy from the backwards flow of the flud 1s cap-
tured 1n some way so that this energy can be used to power
some other aspect the machine.

However, hydraulic regenerative circuits present unique
problems for the storage and cleaning of the hydraulic fluid
between stroke cycles. In many cases, the fluid changes in
quality as 1t 1s used, and may become hot or dirty relative to
the original fluid. On the return stroke, there 1s the potential
for this hot, dirty fluid to mix with any cold, clean fluid in the
reservolr. Accordingly, filtration and/or other processing of
the used hydraulic fluid becomes difficult and it may be
necessary to temporarily halt operation of the machine and/or
replace the hydraulic fluid 1f the qualities of the hydraulic
fluid become sufliciently unacceptable for use.

Hence, there 1s a need for improved hydraulic systems
incorporating hydraulic regenerative circuits. In particular,
there 1s a need for a hydraulic system that improves the
utilization of the hydraulic fluad.

SUMMARY OF THE INVENTION

Used and unused fluids are prone to mix in the hydraulic
reservolr given that the fluids alternately flow forward and
backward during the operation of a hydraulic regenerative
circuit. However, the disclosed hydraulic reservoir, hydraulic
system including the hydraulic reservoir, and method of oper-
ating the hydraulic system uniquely solves the mixing prob-
lem. The hydraulic reservoir 1s constructed such that mixing
of unused and used hydraulic fluid 1s substantially prevented
in the hydraulic reservoir. At the same time, the used and
unused fluids are separated such that the used fluid may be
cleaned and/or cooled before remntroducing the fluid to the
hydraulic regenerative circuit at a substantially unused qual-
ity. Further, as the two sections of the reservoir may be formed

10

15

20

25

30

35

40

45

50

55

60

65

2

from a single compartment, the design 1s compact and, there-
fore, does not require the fabrication of two separate reser-
VOIrS.

A hydraulic reservoir for a hydraulic regenerative circuit 1s
disclosed. The hydraulic regenerative circuit includes an elec-
tric motor that 1s operably coupled to a hydraulic pump that 1s
in selective fluid commumnication with the hydraulic reservorr.
The hydraulic regenerative circuit 1s operable in a non-regen-
erative mode and a regenerative mode. In the non-regenera-
tive mode, the electric motor drives the operation of the
hydraulic pump to draw a hydraulic fluid from the hydraulic
reservolr. In the regenerative mode, the hydraulic pump
drives the operation of the electric motor as the hydraulic fluid
1s returned to the hydraulic reservoir. The hydraulic reservoir
includes a container having an internal volume. An internal
wall divides the internal volume of the container into a first
section and a second section for separately containing the
hydraulic fluid. The hydraulic reservoir includes a first one-
way valve and a second one-way valve. The {first one-way
valve allows the hydraulic flmd to be drawn out of the first
section and substantially prevents a flow of the hydraulic fluid
back into the first section through the first one-way valve. The
second one-way valve allows the hydraulic fluid to be
returned to the second section and substantially prevents a
flow of the hydraulic fluid back out of the second section
through the second one-way valve.

The hydraulic reservoir may prevent the mixing of a used
hydraulic fluid with an unused hydraulic fluid. In the non-
regenerative mode, the hydraulic reservoir may provide a
hydraulic fluid from the first section into the hydraulic regen-
erative circuit without the hydraulic fluid substantially flow-
ing back into the first section or flowing into the second
section. In the regenerative mode, the hydraulic fluid may
flow from the hydraulic regenerative circuit into the second
section without the hydraulic fluid 1n the second section sub-
stantially flowing back into the hydraulic regenerative circuit
or flowing 1nto the first section. Depending on the particular
conditions of use, the first section may hold a clean and/or
cold hydraulic fluid and the second section may hold a dirty
and/or hot hydraulic fluid. The internal wall may 1solate the
clean/cold hydraulic fluid from the dirty/hot hydraulic tluid.

The one-way valves on the hydraulic reservoir may be
configured for attachment to specific parts of a hydraulic
circuit. The first one-way valve may be adapted for connec-
tion to a suction header. The second one-way valve may be
adapted for connection to a return manifold. At least one of
the first one-way valve and the second one-way valve may be
a flapper valve that allows the hydraulic fluid to flow 1n only
one direction through the valve.

The internal wall may prevent the mixture of the hydraulic
fluid 1n the first section and the second section, but still allow
for gaseous interchange 1n a space above the first section and
the second section.

A hydraulic system 1s also disclosed. The hydraulic system
includes a hydraulic reservoir connected to a hydraulic regen-
erative circuit. The hydraulic reservoir includes a container
having an internal volume, an internal wall dividing the inter-
nal volume of the container into a first section and a second
section for separately containing a hydraulic fluid, and a first
and a second one-way valve. The {irst one-way valve allows
the hydraulic fluid to be drawn out of the first section and
substantially prevents a flow of the hydraulic fluid back nto
the first section through the first one-way valve. The second
one-way valve allows the hydraulic fluid to be returned to the
second section and substantially prevents a flow of the
hydraulic fluid back out of the second section through the
second one-way valve. The hydraulic regenerative circuit
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includes a hydraulic pump 1n selective fluid communication
with the hydraulic reservoir and an electric motor operably
coupled to the hydraulic pump. The hydraulic regenerative
circuit 1s operable 1n a non-regenerative mode and a regen-
crative mode. In the non-regenerative mode, the electric
motor drives an operation of the hydraulic pump to draw a
hydraulic fluid from the hydraulic reservoir. In the a regen-
erative mode, the hydraulic pump drives an operation of the
clectric motor as the hydraulic fluid 1s returned to the hydrau-
lic reservotr.

The hydraulic reservoir may prevent the mixing of a used
hydraulic fluid with an unused hydraulic fluid. In the non-
regenerative mode, the hydraulic reservoir may provide a
hydraulic fluid from the first section into the hydraulic regen-
erative circuit without the hydraulic flmid substantially flow-
ing back into the first section or flowing into the second
section. In the regenerative mode, the hydraulic fluid may
flow from the hydraulic regenerative circuit into the second
section without the hydraulic fluid in the second section sub-
stantially flowing back into the hydraulic regenerative circuit
or flowing 1nto the first section.

The first one-way valve may be connected to a suction
header and the second one-way valve may be connected to a
return header. The suction header and the return header may
be placed in valveless tluid communication with the hydraulic
pump and with one another.

The hydraulic system may turther include a post-use loop.
The post-use loop may include a hydraulic pump, a cooling
clement, and/or a filtering element for taking the used hydrau-
lic fluid 1in the second section and returning the hydraulic fluid
to the first section 1n a substantially unused condition.

A method 1s also disclosed of operating a hydraulic system
including a hydraulic regenerative circuit attached to a
hydraulic reservoir such that an unused hydraulic fluid and a
used hydraulic fluid remain substantially unmixed in the
hydraulic reservoir. The method includes providing the
hydraulic reservoir. The hydraulic reservoir includes a con-
tainer having an internal wall dividing an internal volume of
the container into a first section and a second section for
separately containing the unused hydraulic fluid and the used
hydraulic fluid, respectively; a first one-way valve that allows
the unused hydraulic fluid to flow from the first section into
the hydraulic regenerative circuit, but substantially prevents
the a flow of the used hydraulic fluid 1n the hydraulic regen-
erative circuit back into the first section through the first
one-way valve; and a second one-way valve that allows the
used hydraulic fluid 1n the hydraulic regenerative circuit to
flow 1nto the second section, but substantially prevents the
used hydraulic fluid from flowing back ito the hydraulic
regenerative circuit through the second one-way valve. Fur-
ther according to the method, during a non-regenerative
phase, an electric motor 1s used to drive a hydraulic pump to
draw the unused hydraulic fluid from the first section of the
hydraulic reservoir into the hydraulic regenerative circuit.
During a regenerative phase, the hydraulic pump drives the
clectric motor as the used hydraulic fluid 1s transported 1nto
the second section of the hydraulic reservoir from the hydrau-
lic regenerative circuit.

The method may further include the step of pumping the
fluid from the second section through a post-use loop 1nto the
first section, wherein the post-use loop contains at least one of
a hydraulic pump, a cooling element, and a filtering element
that returns the hydraulic fluid from the second section 1nto
the first section 1n a substantially unused condition.

These and still other advantages of the invention will be
apparent from the detailed description and drawings. What
follows 1s merely a description of some preferred embodi-
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ments of the present invention. To assess the full scope of the
invention the claims should be looked to as these preferred
embodiments are not imtended to be the only embodiments
within the scope of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a hydraulic system includ-
ing a hydraulic reservotr;

FIG. 2 1s another perspective view ol the hydraulic system
of FIG. 1, but in which some of the walls of the hydraulic
reservolr have been removed to expose the interior of the
reservoir;

FIG. 3 1s a perspective view of a one-way flapper valve 1n
which the valve 1s open;

FIG. 4 1s a perspective view of the valve of FIG. 3 1n which
the valve 1s closed;

FIG. 5 1s a detailed perspective view of the headers
attached to the hydraulic reservoir in which the hydraulic
system 1s operating in the non-regenerative mode;

FIG. 6 1s a detailed perspective view of the headers
attached to the hydraulic reservoir in which the system 1is
operating 1n the regenerative mode;

FIG. 7 1s a hydraulic schematic of the hydraulic system 1n
which the hydraulic fluid 1s flowing into the hydraulic regen-
erative circuit; and

FIG. 8 1s a hydraulic schematic of the hydraulic system 1n
which the hydraulic fluid 1s flowing out of the hydraulic
regenerative circuit.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

L1
=]

ERRED

Referring first to FIGS. 1 and 2, a hydraulic system 10 1s
shown including a hydraulic reservoir 12 and a relevant por-
tion ol a hydraulic regenerative circuit 14. Typically, the
hydraulic system 10 would be a part of a mining machine or
other earth moving equipment and used to cause the actuation
or large or heavy machine components via a connected piston
and cylinder assembly or the like. Of course, the hydraulic
system 10 could be adapted for any number of uses and 1s not
limited to a particular type of machine.

At least in part, the hydraulic regenerative circuit 14
includes two manifolds or headers attached to the hydraulic
reservolr 12. A suction header 16 1s attached to the hydraulic
reservolr 12 at a first one-way valve 18. A return header 20 1s
attached to the hydraulic reservoir 12 at a second one-way
valve 22.

A plurality of hose/tube assemblies 24 place the suction
header 16 and the return header 20 1n valveless fluid commu-
nication with one another and with a corresponding plurality
of hydraulic pumps 26. In the form shown, each of the hose/
tube assemblies 24 include a first line 28 that extends from the
suction header 16 and a second line 30 that extends from the
return header 20. The first line 28 and second line 30 meet at
a T-connection joint 32. A third line 34, also attached to the
T-connection joint 32, runs from the T-connection joint 32
into the hydraulic pump 26. Thus, without any valves, the
suction header 16 and the return header 20 are placed in fluid
communication with the hydraulic pump 26 and also with one
another. Of course, different connectivity may also be used.
For example, a single set of interconnected hoses and/or tubes
may place the both of the headers 16 and 20 1n communica-
tion with all of the hydraulic pumps 26. Also, it is possible that
there may only be a single hydraulic pump 26.

Each of the hydraulic pumps 26 1s operably coupled to a
corresponding electric motor 36. The hydraulic pump 26 and
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the electric motor 36 are capable of operating 1n a non-regen-
erative mode and a regenerative mode.

In the non-regenerative mode, the electric motor 36 drives
the hydraulic pump 26 to pump hydraulic fluid from the
hydraulic reservoirr 12 via the suction header 16 1nto an
attached hydraulic regenerative circuit 14 to cause mechani-
cal work. This pumped hydraulic fluild may be used, for
example, to actuate the motion of a piston within a cylinder.

In the regenerative mode, the hydraulic fluid 1s forced back
through the hydraulic regenerative circuit 14 into the return
header 20 and then into the hydraulic reservoir 12. Often, the
weight ol a component previously lifted by the hydraulic
cylinder causes a reverse stroke of the piston, forcing the
hydraulic fluid out of the cylinder and back through the
hydraulic pump 26. In this mode, as the hydraulic fluid 1s
forced back through the hydraulic pump 26, the hydraulic
pump 26 drives the electric motor 36 which now acts as a
generator. The generated electricity can be stored and/or used
to power other features of the equipment. Alternatively,
depending on the particular location and configuration of the
system, this generated electricity could potentially be
returned to an attached power gnd.

In view of the general operating principle of the hydraulic
regenerative circuit 14, the hydraulic reservoir 12 will now be
described 1n more detail as will the specific tlow patterns of
the hydraulic fluid through the relevant portion of the hydrau-
lic regenerative circuit 14.

The hydraulic reservoir 12 includes a container 38 includ-
ing a top wall 40, a bottom wall 42, and four side walls 44
which define an internal volume 46 of the container 38. An
internal wall 48 or batile divides the internal volume 46 into
a first section 50 and a second section 52. The first section 50
generally holds unused hydraulic fluid while the second sec-
tion 52 generally holds used hydraulic fluid.

As used herein the terms “unused” and “used” are relative
terms used to describe the hydraulic fluid. A used hydraulic
fluid 1s fluid which has passed through the hydraulic regen-
erative circuit. An unused hydraulic fluid may either be flmd
that has not yet been pumped into the hydraulic regenerative
circuit 14 or may be fluid that has been pumped through the
hydraulic regenerative circuit 14 to become used hydraulic
fluid, but that has subsequently been altered 1in some way so
that the used hydraulic fluid, after alteration, now again
closely resembles unused fluid. This subsequent alteration
may be, for example, filtering the hydraulic fluid to remove
contaminants or debris or may be merely allowing the fluid to
cool. Of course, 1t will be appreciated that even subsequent
alteration may not completely return the used hydraulic fluid
to the pristine state of hydraulic fluid that has never been used,
but that the terms are used 1n a relative manner.

Returming to the structure of the hydraulic reservoir 12, the
first section 30 of the hydraulic reservoir 12 1s 1n one-way
fluid communication with the suction header 16 via the first
one-way valve 18. The first one-way valve 18 1s 1nstalled 1n
one of the walls 40, 42, and 44 that define the first section 50.
The first one-way valve 18 allows the hydraulic fluid to be
drawn out of the first section 50 and into the suction header
16, but substantially prevents the flow of the hydraulic fluid
from the suction header 16 back into the first section 50
through the first one-way valve 18.

Likewise, the return header 20 1s 1n one-way fluid commu-
nication with the second section 52 of the hydraulic reservoir
12 via the second one-way valve 22. The second one-way
valve 22 1s installed in one of the walls 40, 42, and 44 that
define the second section 352. The second one-way valve 22
allows the hydraulic fluid to be returned to the second section
52 of the hydraulic reservoir 12 from the return header 20, but
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substantially prevents the flow of the hydraulic fluid out of the
second section 52 and back into the return header 20 through
the second one-way valve 22.

Referring now to FIGS. 3 and 4, the details of the second
one-way valve 22 1s shown. Of course, it will be appreciated
that the construction of the second one-way valve 22 will be
similar to that of the first one-way valve 18 except that the first
one-way valve 18 will be configured to open under an oppo-
site pressure differential between the headers 16 and 20 and
the hydraulic reservoir 12.

The second one-way valve 22 includes a tubular portion 56
that extends from a tlange 58 on one end (for attachment to the
wall 44 of the hydraulic reservoir 12) to an opening 62 on the
other end. In the opening 62, a rotatable valve plate 60 1s
received which has an outer periphery with a shape that gen-
erally corresponds to the shape of the opening 62. The open-
ing 62 also includes a lip 54 which restricts the pivotal range
of the rotatable valve plate 60.

The rotatable valve plate 60 1s allowed to hingedly pivot
about an axis of rotation A-A approximately 90 degrees from
an opened position, as shown 1n FIG. 3, to a closed position,
as shown in FI1G. 4 and visa-versa. The axis of rotation A-A of
the rotatable valve plate 60 may be set or biased to one side of
the rotatable valve plate 60 such that the axis of rotation A-A
does not intersect the central axis of the channel running
through the tubular portion. The placement of the rotational
axis A-A, coupled with the restrictive placement of the lip 54,
allows the valve to open under a positive pressure differential
in one direction but not the other and limits the swing of the
rotatable valve plate 60 such that it may only open 1n this
single direction of flow. In the closed position, the rotatable
valve plate 60 abuts the lip 54 and seals the opening 62 such
that a reverse tlow through the opening 62 is substantially
prevented. In the opened position of FIG. 3, the rotatable
valve plate 60 rotates approximately 90 degrees from the
closed position such that the flat face of the rotatable valve
plate 60 extends 1n a direction roughly parallel to the forward
flow of the fluid through the flapper valve 22.

Although not explicitly shown in the drawings, 1t should be
appreciated that the rotatable valve plate 60 may be biased by
a biasing mechanism such as a spring or the like to the closed
position. Then, when one of the sides of the flapper valve 22
has a pressure greater than the other side does the flapper
valve 22 open to permit the flow of hydraulic fluid there
through. Again, as the flapper valve 22 1s configured to be a
one-way valve, only when the pressure gradient from one
particular side of the flapper valve 22 to the other side of the
flapper valve 22 exceeds a predetermined differential will the
rotatable valve plate 60 rotate to allow the passage of hydrau-
lic fluid through the valve. A biasing mechanism may be
particularly helpful if there are periods of time when there 1s
no pressure differential across the valve 22, as otherwise the
flapper valve 22 may driit open resulting 1n mixing of fluid 1n
the circuit and the reservorr.

Referring now to FIGS. 5 and 6, the force exerted on the
fluid when the hydraulic regenerative circuit 14 1s operating
in a non-regenerative mode and a regenerative mode, respec-
tively are indicated by arrows.

Referring to FI1G. 5, when the hydraulic system 10 1s oper-
ated 1n a non-regenerative mode, the electric motors 36 drive
the operation of the attached hydraulic pumps 26 to draw
hydraulic fluid from the hydraulic reservoir 12. However,
when this pumping action begins, unused hydraulic fluid may
only be drawn from the first section 50 of the hydraulic
reservolr 12 via the first one-way valve 18 into the suction
header 16. The hydraulic fluid that enters the suction header
16 may then be drawn further into the hydraulic regenerative
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circuit 14 via the hose/tube assemblies 24 and the hydraulic
pumps 26 to cause actuation of a hydraulic cylinder or to
perform other hydraulic functions. Notably, as the second
one-way valve 22 restricts the flow of the hydraulic fluid from
the second section 52 of the hydraulic reservoir 12 into the
hydraulic regenerative circuit 14, the pumping force of the
hydraulic pumps 26 does not draw used hydraulic fluid out of
second section 52 of the hydraulic reservoir 12.

Referring now to FIG. 6, when the hydraulic system 10 1s
operated in a regenerative mode, the hydraulic pumps 26
drive the operation of the electric motors 36 to generate elec-
tricity. In the regenerative mode, the hydraulic pumping of
fluid from the hydraulic reservoir 12 into the hydraulic regen-
erative circuit 14 has stopped and the force of a return stroke
of a previously actuated hydraulic cylinder or the like 1s now
used to cause the hydraulic fluid to tlow back through the
hydraulic pumps 26. The reversing action of the hydraulic
pumps 26 operates the electronic motors 36 which generates
clectricity.

After the fluid passes through the hydraulic pumps 26, 1t 1s
directed back into the hydraulic reservoir 12. More specifi-
cally, the used hydraulic fluid 1s returned to the manifolds or
headers 16 and 20 via the hose/tube assemblies 24. Despite
the pressure differential, the first one-way valve 18 prevents
the backwashing of used hydraulic fluid 1nto the first section
50 of the hydraulic reservoir 12. Thus, the only flmid pathway
for the hydraulic fluid during the regenerative mode 1s
through the return header 20 and the second one-way valve 22
into the second section 52 of the hydraulic reservoir 12.

The used hydraulic flmd 1n the second section 52 of the
hydraulic reservoir 12 may be subsequently processed (e.g.,
filtered) or otherwise altered (e.g., cooled) to return 1t to a
condition substantially similar to the unused fluid. After being
processed or otherwise altered, the used hydraulic fluid may
be again used in the hydraulic regenerative circuit 14. To
achieve this end, the hydraulic reservoir may also contain
connections 64 and 66 (1denftified mn FIG. 2), in the first
section 50 and 1n the second section 52 respectively, which
connect to a post-use loop 68 that may include mechanisms
that clean or cool the hydraulic fluid to place 1t again in
condition to be used 1n the hydraulic regenerative circuit 14.

Referring now to FIGS. 7 and 8, hydraulic schematics are
provided 1n which the hydraulic fluid 1s shown flowing into
and out of the hydraulic regenerative circuit 14, respectively.
As shown 1 FIG. 7, 1n the forward direction, hydraulic fluid
from the first section 50 of the hydraulic reservoir 12 1is
pumped 1nto the hydraulic regenerative circuit 14. As shown
in FI1G. 8, 1n the reverse direction, hydraulic fluid returning
from the hydraulic regenerative circuit 14 tlows into the sec-
ond section 32 of the hydraulic reservoir 12 without back-
washing directly into the first section 50.

A post-use or cooling/filtering loop 68 moves hydraulic
fluid from the second section 52 back into the first section 50
while simultaneously cooling and/or cleaning the hydraulic
fluid so that the fluid may be reused. The cooling/filtering
loop 68 includes a hydraulic pump 70 that pumps used
hydraulic flmd from the second section 32 of the hydraulic
reservoir 12 through a cooling element 72 and a filtering
clement 74 and then 1nto the first section 50 of the hydraulic
reservolr 12. This arrangement effectively cools and filters
the used, hot, and/or dirty hydraulic fluid 1n the second section
52 of the hydraulic reservoir 12, returns the used fluid to a
substantially clean or unused condition, and then transports
the fluid back into the first section 50 where 1t may again be
pumped 1nto the hydraulic regenerative circuit 14.

It will be appreciated that the various elements of the
cooling/filtering loop 68 may be rearranged 1n a different
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order, that some elements may be removed, and that other
clements may also be included. For example, the pump 70
may be located downstream of or in between the cooling
clement 72 and the filtering element 74. Moreover, 11 tem-
perature of the used hydraulic fluid does not present a sub-
stantial concern, for example, then the cooling element 72
may be eliminated.

Further, the hydraulic pump 70 may be run continuously or
may be cycled based on the conditions of the fluid in the
hydraulic reservoir 12. For example, the second section 52 of
the hydraulic reservoir 12 may have a fluid level sensor or a
fluid pressure sensor (not shown) for monitoring the fluid 1n
the section. When a condition 1s met (e.g., a threshold volume
1s reached or exceeded), then the hydraulic pump 70 may be
instructed to pump the used fluid from the second section 52
through the cooling/filtering loop 68 and return it 1n a sub-
stantially un-used condition to the first section 50 for re-use.
Alternatively, sensors (not shown) 1n the first section 50 may
determine whether the amount of fluid 1n the first section 50
needs to be replenished and may instruct the pump 70 to begin
operating to draw fluid through the cooling/filtering loop 68.

Thus, a hydraulic system has been described having a
hydraulic reservoir and a hydraulic regenerative circuit that
prevents the mixing of used and unused hydraulic fluids. By
separating these tluids in the reservotr, 1t 1s easier to efficiently
clean and or replace the hydraulic fluid used in the circuait.
Until now, the mixing of used and unused fluids has posed a
special problem in hydraulic regenerative circuits, particu-
larly given the alternating back and forth flow patterns of the
fluid within the regenerative circuit. Yet, by implementation
of the systems described herein, the mixing of such fluids 1s
advantageously avoided 1n the hydraulic reservoir. Accord-
ingly, the entire hydraulic system may operate more eifi-
ciently.

It should be appreciated that various other modifications
and variations to the preferred embodiments can be made
within the spirit and scope of the invention. Theretfore, the
invention should not be limited to the described embodi-
ments. To ascertain the full scope of the invention, the fol-
lowing claims should be referenced.

What 1s claimed 1s:

1. A hydraulic reservoir for a hydraulic regenerative circuit,
the hydraulic regenerative circuit including an electric motor
that 1s operably coupled to a hydraulic pump 1n selective fluid
communication with the hydraulic reservoir, the hydraulic
regenerative circuit being operable 1n a non-regenerative
mode 1n which the electric motor drives an operation of the
hydraulic pump to draw a hydraulic fluid from the hydraulic
reservolr and a regenerative mode in which the hydraulic
pump drives an operation of the electric motor as the hydrau-
lic fluad 1s returned to the hydraulic reservoir, the hydraulic
reservolr comprising:

a container having an internal volume;

an mternal wall dividing the internal volume of the con-
tainer into a first section and a second section for sepa-
rately containing the hydraulic fluid;

a 1irst one-way valve that allows the hydraulic fluid to be
drawn out of the first section and which substantially
prevents a flow of the hydraulic fluid back into the first
section through the first one-way valve; and

a second one-way valve that allows the hydraulic fluid to be
returned to the second section and which substantially
prevents a tlow of the hydraulic fluid back out of the
second section through the second one-way valve.

2. The hydraulic reservoir of claim 1, wherein, 1n the non-

regenerative mode, the hydraulic reservoir provides a hydrau-
lic fluid from the first section 1nto the hydraulic regenerative
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circuit without the hydraulic flmd substantially flowing back
into the first section or flowing into the second section and
wherein, in the regenerative mode, the hydraulic fluid flows
from the hydraulic regenerative circuit into the second section
without the hydraulic fluid 1n the second section substantially 3
flowing back into the hydraulic regenerative circuit or flowing
into the first section thereby preventing mixing of a used
hydraulic fluid with an unused hydraulic tfluid.

3. The hydraulic reservoir of claim 2, wherein the first
section holds a clean hydraulic fluid and the second section 10
holds a dirty hydraulic fluid and the internal wall 1solates the
clean hydraulic flmd from the dirty hydraulic fluid.

4. The hydraulic reservoir of claim 2, wherein the first
section holds a cold hydraulic fluid and the second section
holds a hot hydraulic fluid and the mternal wall 1solates the 15
cold hydraulic fluid from the hot hydraulic tluid.

5. The hydraulic reservoir of claim 1, wherein the first
one-way valve 1s adapted for connection to a suction header.

6. The hydraulic reservoir of claim 1, wherein the second
one-way valve 1s adapted for connection to a return mamfold. 20

7. The hydraulic reservoir of claim 1, wherein at least one
of the first one-way valve and the second one-way valve 1s a
flapper valve that allows the hydraulic fluid to flow 1n only one
direction there through.

8. The hydraulic reservoir of claim 1, wherein the internal 25
wall prevents mixture of the hydraulic fluid 1n the first section
and the second section, but allows for gaseous interchange 1n
a space above the first section and the second section.

9. A hydraulic system comprising:

a hydraulic reservoir including: 30

a container having an internal volume;

an 1nternal wall dividing the internal volume of the con-
tainer into a first section and a second section for
separately containing a hydraulic fluid;

a first one-way valve that allows the hydraulic fluid to be 35
drawn out of the first section and which substantially
prevents a flow of the hydraulic fluid back into the first
section through the first one-way valve;

a second one-way valve that allows the hydraulic fluid to
be returned to the second section and which substan- 40
tially prevents a flow of the hydraulic fluid back out of
the second section through the second one-way valve;
and

a hydraulic regenerative circuit including;:

a hydraulic pump 1n selective fluid communication with 45
the hydraulic reservoir;

an electric motor operably coupled to the hydraulic
pump;,

wherein the hydraulic regenerative circuit 1s operable 1n a

non-regenerative mode in which the electric motor 50

drives an operation of the hydraulic pump to draw a

hydraulic fluid from the hydraulic reservoir and a regen-

erattve mode 1 which the hydraulic pump drives an
operation of the electric motor as the hydraulic fluid 1s

returned to the hydraulic reservorr. 55

10. The hydraulic system of claim 9, wherein, in the non-
regenerative mode, the hydraulic reservoir provides a hydrau-
lic fluid from the first section 1nto the hydraulic regenerative
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circuit without the hydraulic flmd substantially flowing back
into the first section or flowing into the second section and
wherein, in the regenerative mode, the hydraulic fluid flows
from the hydraulic regenerative circuit into the second section
without the hydraulic fluid 1n the second section substantially
flowing back into the hydraulic regenerative circuit or flowing
into the first section, thereby preventing mixing of a used
hydraulic fluid with an unused hydraulic tluid.
11. The hydraulic system of claim 9, wherein the first
one-way valve 1s connected to a suction header and the second
one-way valve 1s connected to a return header.
12. The hydraulic system of claim 11, wherein the suction
header and the return header are placed 1n valveless fluid
communication with the hydraulic pump and with one
another.
13. The hydraulic system of claim 9, further comprising a
post-use loop with at least one of a hydraulic pump, a cooling
clement, and a filtering element for taking the hydraulic fluid
in the second section and returning the hydraulic fluid to the
first section 1n a substantially unused condition.
14. A method of operating a hydraulic system including a
hydraulic regenerative circuit attached to a hydraulic reser-
voir such that an unused hydraulic fluid and a used hydraulic
fluid remain substantially unmixed 1n the hydraulic reservoitr,
the method comprising:
providing the hydraulic reservoir, the hydraulic reservoir
including a container having an internal wall dividing an
internal volume of the container 1nto a first section and a
second section for separately contaiming the unused
hydraulic fluid and the used hydraulic fluid, respectively,
the hydraulic reservoir further including a first one-way
valve that allows the unused hydraulic fluid to flow from
the first section 1nto the hydraulic regenerative circuit,
but substantially prevents the a flow of the used hydrau-
lic fluid 1n the hydraulic regenerative circuit back into
the first section through the first one-way valve and a
second one-way valve that allows the used hydraulic
fluid 1n the hydraulic regenerative circuit to tlow 1into the
second section, but substantially prevents the used
hydraulic fluid from flowing back into the hydraulic
regenerative circuit through the second one-way valve;

during a non-regenerative phase, using an electric motor to
drive a hydraulic pump to draw the unused hydraulic
fluad from the first section of the hydraulic reservoir into
the hydraulic regenerative circuit; and

during a regenerative phase, using the hydraulic pump to

drive the electric motor as the used hydraulic fluid 1s
transported mto the second section of the hydraulic res-
ervoir from the hydraulic regenerative circuit.

15. The method of claim 14, further comprising the step of
pumping the fluid from the second section through a post-use
loop 1nto the first section, wherein the post-use loop contains
at least one of a hydraulic pump, a cooling element, and a
filtering element that return the hydraulic fluid from the sec-
ond section 1nto the first section 1 a substantially unused
condition.
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